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SYSTEMAND METHOD FORMONITORING 
OVERHEAT OF A COMPRESSOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/978,312, filed on Oct. 8, 2007. This 
application also claims the benefit of U.S. Provisional Appli 
cation No. 60/978,258, filed on Oct. 8, 2007. The entire 
disclosures of each of the above applications are incorporated 
herein by reference. 

FIELD 

0002 The present disclosure relates to compressors and 
more particularly to a system and method for monitoring an 
overheat condition of a compressor. 

BACKGROUND 

0003. The statements in this section merely provide back 
ground information related to the present disclosure and may 
not constitute prior art. 
0004 Compressors may be used in a wide variety of indus 

trial and residential applications to circulate refrigerant 
within a refrigeration, heat pump, HVAC, or chiller system 
(generically "refrigeration systems') to provide a desired 
heating or cooling effect. In any of the foregoing applications, 
the compressor should provide consistent and efficient opera 
tion to insure that the particular application (i.e., refrigera 
tion, heat pump, HVAC, or chiller system) functions properly. 
A variable speed compressor may be used to vary compressor 
capacity according to refrigeration system load. Operating 
parameters of the compressor and of the refrigeration system 
may be used by protection, control, and diagnostic systems to 
insure optimal operation of the compressor and refrigeration 
system components. For example, evaporator temperature 
and/or condenser temperature may be used to diagnose, pro 
tect, and control the compressor and other refrigeration sys 
tem components. 

SUMMARY 

0005. A system is provided comprising a compressor con 
nected to an evaporator, a Suction sensor that outputs a Suction 
signal corresponding to a temperature of refrigerant entering 
the compressor, and a control module connected to the evapo 
rator sensor and the Suction sensor that determines an evapo 
rator temperature, calculates a Suction Superheat temperature 
based on the evaporator temperature and the Suction signal, 
and monitors an overheat condition of the compressor by 
comparing the Suction Superheat with a predetermined suc 
tion Superheat threshold and that adjusts at least one of a 
speed of the compressor and an expansion valve associated 
with the compressor based on the monitoring. 
0006. In other features, the control module stops the com 
pressor when the Suction Superheat is greater than the prede 
termined Suction Superheat threshold. 
0007. In other features, the predetermined suction super 
heat threshold is fifty degrees Fahrenheit. 
0008. In other features, the control module determines 
whether the suction superheat is within a predetermined suc 
tion Superheat range, an upper limit of the predetermined 
Suction Superheat range corresponding with the predeter 
mined suction Superheat threshold. 
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0009. In other features, the predetermined suction super 
heat range is between thirty degrees Fahrenheit and fifty 
degrees Fahrenheit and the predetermined Suction Superheat 
threshold is fifty degrees Fahrenheit. 
0010. In other features, the control module adjusts the 
speed of the compressor when the control module determines 
that the suction superheat is within the predetermined suction 
Superheat range for a predetermined time period. 
0011. A method is provided comprising determining an 
evaporator temperature of an evaporator connected to a com 
pressor, receiving a suction signal that corresponds to a tem 
perature of refrigerant entering the compressor, calculating a 
Suction Superheat temperature based on the evaporator tem 
perature and the Suction signal, monitoring an overheat con 
dition of the compressor by comparing the Suction Superheat 
with a predetermined Suction Superheat threshold and adjust 
ing at least one of a speed of the compressor and an expansion 
valve associated with the compressor based on the monitor 
1ng. 
0012. In other features, the method includes stopping the 
compressor when the Suction Superheat is greater than the 
predetermined suction Superheat threshold. 
0013. In other features, the predetermined suction super 
heat threshold is fifty degrees Fahrenheit. 
0014. In other features, the method includes determining 
whether the suction superheat is within a predetermined suc 
tion Superheat range, an upper limit of the predetermined 
Suction Superheat range corresponding with the predeter 
mined Suction Superheat threshold. 
0015. In other features, the predetermined suction super 
heat range is between thirty degrees Fahrenheit and fifty 
degrees Fahrenheit and the predetermined Suction Superheat 
threshold is fifty degrees Fahrenheit. 
0016. In other features, the method includes adjusting the 
speed of the compressor when the Suction Superheat is within 
the predetermined suction Superheat range for a predeter 
mined time period. 
0017. Further areas of applicability will become apparent 
from the description provided herein. It should be understood 
that the description and specific examples are intended for 
purposes of illustration only and are not intended to limit the 
Scope of the present disclosure. 

DRAWINGS 

0018. The drawings described herein are for illustration 
purposes only and are not intended to limit the scope of the 
present disclosure in any way. 
0019 FIG. 1 is a schematic view of refrigeration system. 
0020 FIG. 2 is a cross-section view of a compressor. 
0021 FIG. 3 is a flow chart illustrating steps for an algo 
rithm according the present teachings. 
0022 FIG. 4 is a graph showing discharge super heat 
correlated with Suction Super heat and outdoor temperature. 
0023 FIG. 5 is a graph showing discharge line tempera 
ture correlated with evaporator temperature and condenser 
temperature. 
0024 FIG. 7 is a graph showing an operating envelope of 
a compressor. 

DETAILED DESCRIPTION 

0025. The following description is merely exemplary in 
nature and is not intended to limit the present disclosure, 
application, or uses. It should be understood that throughout 
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the drawings, corresponding reference numerals indicate like 
or corresponding parts and features. 
0026. As used herein, the terms module, control module, 
and controller refer to one or more of the following: An 
application specific integrated circuit (ASIC), an electronic 
circuit, a processor (shared, dedicated, or group) and memory 
that execute one or more software or firmware programs, a 
combinational logic circuit, or other Suitable components that 
provide the described functionality. As used herein, computer 
readable medium refers to any medium capable of storing 
data for a computer. Computer-readable medium includes, 
but is not limited to, memory, RAM, ROM, PROM, EPROM, 
EEPROM, flash memory, CD-ROM, floppy disk, magnetic 
tape, other magnetic medium, optical medium, or any other 
device or medium capable of storing data for a computer. 
0027. With reference to FIG. 1, an exemplary refrigeration 
system 5 includes a compressor 10 that compresses refriger 
ant vapor. While a specific refrigeration system is shown in 
FIG. 1, the present teachings are applicable to any refrigera 
tion system, including heat pump, HVAC, and chiller sys 
tems. Refrigerant vapor from compressor 10 is delivered to a 
condenser 12 where the refrigerant vapor is liquefied at high 
pressure, thereby rejecting heat to the outside air. The liquid 
refrigerant exiting condenser 12 is delivered to an evaporator 
16 through an expansion valve 14. Expansion valve 14 may be 
a mechanical or electronic valve for controlling Superheat of 
the refrigerant. The refrigerant passes through expansion 
valve 14 where a pressure drop causes the high pressure liquid 
refrigerant to achieve a lower pressure combination of liquid 
and vapor. As hot air moves across evaporator 16, the low 
pressure liquid turns into gas, thereby removing heat from 
evaporator 16. The low pressure gas is again delivered to 
compressor 10 where it is compressed to a high pressure gas, 
and delivered to condenser 12 to start the refrigeration cycle 
again. 
0028 Compressor 10 may be monitored and controlled by 
a control module 25. Control module 25 includes a computer 
readable medium for storing data including the Software 
executed by a processor to monitor and control compressor 10 
and to perform the algorithms of the present teachings. 
0029. As described in the disclosure titled “VARIABLE 
SPEED COMPRESSOR PROTECTION SYSTEM AND 
METHOD, U.S. Application Ser. No. 60/978.258, which is 
incorporated herein by reference, suction superheat (SSH) 
may be used to monitor or predict an overheat condition of 
compressor 10. As described therein, an overheat condition is 
undesirable and may result in damage to compressor 10, a 
compressor component, or a refrigeration system component. 
0030. A compressor floodback or overheat condition is 
undesirable and may cause damage to compressor 10 or other 
refrigeration system components. Suction Super heat (SSH) 
and/or discharge super heat (DSH) may be correlated to a 
flood back or overheating condition of compressor 10 and 
may be monitored to detect and/or predict a flood back or 
overheating condition of compressor 10. DSH is the differ 
ence between the temperature of refrigerant vapor leaving the 
compressor, referred to as discharge line temperature (DLT) 
and the Saturated condenser temperature (Tcond). Suction 
superheat (SSH) is the difference between the temperature of 
refrigerant vapor entering the compressor, referred to as suc 
tion line temperature (SLT) and saturated evaporator tem 
perature (Tevap). 
0031. SSH and DSH may be correlated as shown in FIG.4. 
The correlation between DSH and SSH may be particularly 
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accurate for scroll type compressors, with outside ambient 
temperature being only a secondary effect. As shown in FIG. 
4, correlations between DSH and SSH are shown for outdoor 
temperatures (ODT) of one-hundred fifteen degrees Fahren 
heit, ninety-five degrees Fahrenheit, seventy-five degrees 
Fahrenheit, and fifty-five degrees Fahrenheit. The correlation 
shown in FIG. 4 is an example only and specific correlations 
for specific compressors may vary by compressor type, 
model, capacity, etc. 
0032. A flood back condition may occur when SSH is 
approaching Zero degrees or when DSH is approaching 
twenty to forty degrees Fahrenheit. With respect to overheat 
ing, when SSH is between thirty degrees Fahrenheit and fifty 
degrees Fahrenheit, the onset of an overheating condition 
may occur. When SSH is greater than fifty degrees Fahrenheit 
or when DSH is greater than one-hundred degrees Fahrenheit, 
a severe overheating condition may be present. 
0033. In FIG. 4, typical SSH temperatures for exemplar 
refrigerant charge levels are shown. For example, as the per 
centage of refrigerant charge in refrigeration system 5 
decreases, SSH typically increases. 
0034. With reference to FIG. 1, evaporator 16 may include 
an evaporator temperature sensor 40 that may sense an evapo 
rator temperature. Alternatively, an evaporator pressure sen 
sor may be used. Control module 25 receives evaporating 
temperature (Tevap) from evaporator temperature sensor 40. 
0035. A suction sensor 34 monitors a temperature of 
refrigerant entering compressor 10 (i.e., SLT). Alternatively, 
a combination Suction temperature/pressure sensor may be 
used. In such case, control module 25 may receive SLT from 
the temperature portion of the sensor and Tevap from the 
pressure portion of the sensor, as Tevap may be derived or 
measured based on Suction pressure. Further, Tevap may be 
derived from other system parameters, as disclosed in the 
disclosure titled “VARIABLE SPEED COMPRESSOR 
PROTECTION SYSTEMAND METHOD, U.S. Applica 
tion Ser. No. 60/978.258, which is incorporated herein by 
reference. 
0036. For example, Tevap may be derived as a function of 
Tcond and DLT, as described in commonly assigned U.S. 
application Ser. No. 11/059,646, U.S. Publication No. 2005/ 
0235660. For variable speed compressors, the correlation 
may also reflect compressor speed. In this way, Tevap may be 
derived as a function of Tcond, DLT and compressor speed. 
0037. As shown in FIG. 5, Tevap is shown correlated with 
DLT, for various Tcond levels. For this reason, compressor 
map data for different speeds may be used. 
0038 Tcond and Tevap may be calculated based on a 
single derivation. 
0039. In addition, iterative calculations may be made 
based on the following equations: 

Tcond ficompressor power, compressor speed, Tevap) Equation 1 

Tevap-f(Tcond, DLT, compressor speed) 

004.0 Multiple iterations of these equations may be per 
formed to achieve convergence. For example, three iterations 
may provide optimal convergence. As discussed above, more 
or less iteration, or no iterations, may be used. 
0041 Tevap and Tcond may also be determined by using 
compressor map data, for different speeds, based on DLT and 
compressor power, based on the following equations: 

Equation 2 

Tevap f(compressor power, compressor speed, DLT) Equation 3 

Tcond ficompressor power, compressor speed, DLT) Equation 4 
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0042 Control module 25 may calculate Tevap or receive 
Tevap data from the pressure portion of sensor 34. Control 
module 25 may then calculate SSH as a difference between 
SLT and Tevap. 
0043. As shown in FIG. 1, suction sensor 34 is external to 
compressor 10 and monitors a temperature of refrigerant as it 
is entering the Suction inlet of compressor 10. Alternatively, a 
Suction sensor internal to the compressor may be used. As 
shown in FIG. 2, a suction sensor 32 may be disposed within 
a shell of compressor 10. In such case, SLT may be commu 
nicated to control module 25 through an electrical connection 
via terminal box. 24. 

0044 Control module 25 may monitor an overheat condi 
tion of compressor 10 by comparing SSH with a predeter 
mined overheat threshold. As shown in FIG. 3, control mod 
ule 25 receives SLT data in step 302. In step 304, control 
module 25 receives Tevap from evaporator temperature sen 
sor 40. In step 306, control module 25 calculates SSH based 
on SLT and Tevap. Alternatively, Tevap may be estimated or 
derived based on other sensed parameters, as described above 
and in the disclosure titled “VARIABLE SPEED COM 
PRESSOR PROTECTION SYSTEM AND METHOD, 
U.S. Application Ser. No. 60/978.258, which is incorporated 
herein by reference. 
0045. In step 308, control module compares SSH with a 
predetermined threshold to determine whether an overheat 
condition exists. 

0046 Control module 25 may determine that compressor 
10 is operating within a normal temperature range when SSH 
is between Zero and thirty degrees Fahrenheit. When SSH is 
between thirty degrees Fahrenheit and fifty degrees Fahren 
heit, control module 25 may detect an overheat condition and 
take responsive measures. A SSH temperature above fifty 
degrees Fahrenheit may indicate that components of the com 
pressor, including the compressor Scrolls, bearings, etc., are 
at risk of being damaged. 
0047 Control module 25 may also determine whether 
SSH is greater than a predetermined threshold for a predeter 
mined period of time. For example, control module 25 may 
determine when SSH is between thirty degrees and fifty 
degrees Fahrenheit, or greater than fifty degrees Fahrenheit, 
for a predetermined period. For example, the predetermined 
period may be a number of minutes (e.g., one minute, two 
minutes, five minutes, etc.). A first predetermined period 
(e.g., five minutes) may be used for monitoring when SSH is 
between thirty degrees and fifty degrees Fahrenheit. A second 
predetermined period, shorter than the first predetermined 
period, (e.g., one minute or two minutes) may be used for 
monitoring when SSH is greater than fifty degrees Fahren 
heit. It is understood that any time period may be used as 
appropriate. 
0048. As described in the disclosure titled “VARIABLE 
SPEED COMPRESSOR PROTECTION SYSTEM AND 
METHOD, U.S. Application Ser. No. 60/978.258, which is 
incorporated herein by reference, in response to an overheat 
condition, control module 25 may adjust compressor opera 
tion and/or adjust expansion valve 14. In a severe overheat 
condition, control module 25 may stop operation of compres 
sor 10. Control module 25 may also generate an alarm or 
notification that an overheat condition exists. 

0049. As shown in FIG. 6, a compressor operating enve 
lope may provide maximum flood back and maximum SSH 
limits. In addition, a maximum scroll temperature limit 
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(Tscroll) may be provided, in the case of a scroll compressor. 
In addition, a maximum motor temperature (Tmotor) may be 
provided. As shown in FIG. 6, compressor speed and expan 
sion valve 14 may be adjusted based on SSH to insure com 
pressor operation within the compressor operating envelope. 
In this way, SSH may be maintained within an acceptable 
range as indicated by FIG. 6. 
0050 For example, at a SSH between thirty degrees Fahr 
enheit and fifty degrees Fahrenheit, control module 25 may 
reduce compressor speed or cause expansion valve 14 to 
open. At a SSH greater than fifty degrees Fahrenheit, control 
module 25 may stop operation of compressor 25. 
What is claimed is: 
1. A system comprising: 
a compressor connected to an evaporator, 
a Suction sensor that outputs a Suction signal corresponding 

to a temperature of refrigerant entering said compressor, 
a control module connected to said evaporator sensor and 

said Suction sensor that determines an evaporator tem 
perature, that calculates a Suction Superheat temperature 
based on said evaporator temperature and said Suction 
signal, that monitors an overheat condition of said com 
pressor by comparing said Suction Superheat with a pre 
determined Suction Superheat threshold, and that adjusts 
at least one of a speed of said compressor and an expan 
sion valve associated with said compressor based on said 
monitoring. 

2. The system of claim 1 wherein said control module stops 
said compressor when said Suction Superheat is greater than 
said predetermined suction Superheat threshold. 

3. The system of claim 1 wherein said predetermined suc 
tion superheat threshold is fifty degrees Fahrenheit. 

4. The system of claim 1 wherein said control module 
determines whether said Suction Superheat is within a prede 
termined Suction Superheat range, an upper limit of said pre 
determined Suction Superheat range corresponding with said 
predetermined suction Superheat threshold. 

5. The system of claim 4 wherein said predetermined suc 
tion Superheat range is between thirty degrees Fahrenheit and 
fifty degrees Fahrenheit and wherein said predetermined suc 
tion superheat threshold is fifty degrees Fahrenheit. 

6. The system of claim 4 wherein said control module 
adjusts said speed of said compressor when said control mod 
ule determines that said Suction Superheat is within said pre 
determined Suction Superheat range for a predetermined time 
period. 

7. A method comprising: 
determining an evaporator temperature of an evaporator 

connected to a compressor; 
receiving a Suction signal that corresponds to a temperature 

of refrigerant entering said compressor, 
calculating a Suction Superheat temperature based on said 

evaporator temperature and said Suction signal; 
monitoring an overheat condition of said compressor by 

comparing said Suction Superheat with a predetermined 
Suction Superheat threshold. 

adjusting at least one of a speed of said compressor and an 
expansion valve associated with said compressor based 
on said monitoring. 

8. The method of claim 7 further comprising stopping said 
compressor when said Suction Superheat is greater than said 
predetermined suction Superheat threshold. 

9. The method of claim 7 wherein said predetermined 
suction superheat threshold is fifty degrees Fahrenheit. 
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10. The method of claim 7 further comprising determining 
whether said suction superheat is within a predetermined 
Suction Superheat range, an upper limit of said predetermined 
Suction Superheat range corresponding with said predeter 
mined suction Superheat threshold. 

11. The method of claim 10 wherein said predetermined 
Suction Superheat range is between thirty degrees Fahrenheit 
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and fifty degrees Fahrenheit and wherein said predetermined 
suction superheat threshold is fifty degrees Fahrenheit. 

12. The method of claim 10 further comprising adjusting 
said speed of said compressor when said Suction Superheat is 
within said predetermined Suction Superheat range for a pre 
determined time period. 

c c c c c 


